Over half (259/503) of drug-resistant (DR) pneumococci colonizing healthy children attending day care centers in Lisbon were identified by molecular typing methods as representatives of several internationally spread clones. These included the 2 penicillin-resistant pandemic Spanish/USA and French/Spanish clones (21% of all DR pneumococci) and 5 new lineages with unusual antibiotypes (accounting for an additional 30% of all DR pneumococci). The most characteristic feature of the latter group was the high frequency of resistance to macrolides and tetracycline and very low or no resistance to penicillin. These observations provide support for the notion that the nasopharyngeal flora of children in day care centers may be a global reservoir of worldwide prevalent strains of DR pneumococci.
day care center (DCC) surveillance program that was initiated in 1996 was to provide a better understanding of the role of DCCs in the epidemiology of DR pneumococci. Between 1996 and 1998, 16 urban DCCs and over 1600 children participated in this ongoing study [13] [14] [15] . When these DR pneumococci were further characterized, a surprisingly large proportion (259 [51%] of 503) was found to belong to a relatively few (7) lineages that were prevalent over several years of the survey. These were isolated from many children, were detected in several of the 16 DCCs surveyed, and were also detected in international S. pneumoniae samples. Here we summarize molecular, microbiologic, and epidemiologic characteristics of these clones.
Materials and Methods
Bacterial strains and culture conditions. S. pneumoniae was isolated from the nasopharynx of healthy children in the Lisbon DCC surveillance program and deposited in the strain collection of the Molecular Genetics Unit at the Instituto de Tecnologia Química e Bioló gica (Oeiras, Portugal). Isolates from international collections of S. pneumoniae were obtained from the Rockefeller University Laboratory of Microbiology (New York, New York). Israeli strains were provided by R. Dagan (Soroka Medical Center, Beer Sheva, Israel). All strains were stored at Ϫ70ЊC until ready for study. Strains were grown either in a liquid semisynthetic medium [16] containing yeast extract (0.1% wt/vol final concentration; Difco, Detroit) as a supplement without aeration at 37ЊC or on the surface of tryptic soy agar (Difco) plates supplemented with 5% sheep blood and incubated at 37ЊC in 5% CO 2 atmosphere.
Antimicrobial susceptibility testing was performed using the Kirby-Bauer technique as recommended by the National Com-mittee for Clinical Laboratory Standards [17] for chloramphenicol, erythromycin, clindamycin, tetracycline, and SMZ-TMP. Screening for penicillin resistance was done by the oxacillin disk diffusion test [18] . MICs of penicillin and ceftriaxone were determined by E-test (AB Biodisk, Solna, Sweden).
DNA probes. DNA probes for ermB and mefE genes were generated by polymerase chain reaction by using DNA from pneumococcal strains 02J1095 (for ermB) and 02J1175 (for mefE) as a template [19] . Strain 8249 [20] was used to generate cat and tetM probes, and strain R36A [21] was the template for the preparation of the lytA probe. All procedures were done as described elsewhere [5, 22] .
Pulsed-field gel (PFG) electrophoresis (PFGE). Preparation of chromosomal DNA was adapted from an earlier procedure [23] . A 6-mL culture of early stationary-phase cells was harvested, washed in 1 mL of phosphate buffer (50 mM KPO 4 , pH 7), and resuspended in 200 mL of the same buffer. Concentrations were adjusted to an A 620 of 5.0. This cell suspension was then diluted 1:1 with 150 mL of 1.5% low-gelling temperature agarose (Sea Plaque; FMC Bioproducts, Rockland, ME) in phosphate buffer; 20-mL disks were allowed to solidify for 5 min at Ϫ20ЊC. The cells were lysed by incubation of the disks at 37ЊC for 3 h with 50 mg of RNase I in 1 mL of buffer (6 mM Tris, pH 8; 1 M NaCl; 0.1 M EDTA, pH 8; 0.2% deoxycholate; 0.5% sarkosyl; and 0.5% Brij 58). The disks were next incubated in a solution of proteinase K (1 mg/mL) in ES buffer (0.5 M EDTA, pH 9, and 1% sarkosyl) at 50ЊC for 17 h. The agarose disks were washed 5 times in 13 mL of TE buffer (10 mM Tris and 1 mM EDTA, pH 7.5) for 1 h with gentle agitation. The DNA was then considered purified and was stored in ∼1 mL of TE buffer at 4ЊC.
Two kinds of DNA digests were prepared for PFGE analysis: the first used 20 U of SmaI, and the second used 30 U of ApaI (New England Biolabs, Beverly, MA). PFGE was performed with a CHEF DR-II apparatus (BioRad, Birmingham, UK). The assay parameters were as follows: initial pulse, 5 s; final pulse, 35 s; voltage, 6 V/cm; temperature, 11.3ЊC; and run time, 23 h. Standard methodologies were used for staining and photographing the gels [24] . Strain R6 and l ladder PFG marker (New England Biolabs) were used as molecular weight standards. PFGE patterns were assigned by visual inspection of the macrorestriction profiles, using currently accepted criteria [25] , and were confirmed by computerassisted analysis. Dendrograms were constructed by the minimum linkage method by using the Dice similarity coefficient and were generated by Whole-Band Analyzer (version 3.3; BioImage, Ann Arbor, MI) software for Unix SparcStation 4 running under a SunOS version 5.5.1 operating system [26] .
Southern blot hybridization. DNA fragments resolved by PFGE were transferred to nylon membranes (Hybond N ϩ ; Amersham International, Little Chalfont, UK) with the vacuum gene system (Pharmacia LKB Biotech, Uppsala, Sweden), as described elsewhere [27] . For probe labeling, hybridization, and detection, an enhanced chemiluminescence nonradioactive labeling kit (RPN3001; Amersham, Birmingham, UK) was used as recommended by the manufacturer. Molecular weights of hybridization signals and corresponding SmaI fragments were determined with the same software and hardware referred to above. Results were rounded to the nearest decimal. DCCs, 1996 DCCs, -1998 . Table 1 summarizes the relevant characteristics of the 8 highly prevalent DR pneumococcal clones, including serotype, PFGE type, antibiotic resistance profile, number of children colonized, number of DCCs in which clones were detected, and the years of isolation. The letter assignments of the PFGE type were kept the same as those introduced in previous communications that described the 1996 pneumococcal isolates in the Lisbon DCC study [13, 15] .
Results

Properties of DR S. pneumoniae strains prevalent among children in Lisbon
Serotypes. All strains belonging to the 8 clonal types expressed pediatric serotypes, which were serotypes 23F (92 strains), 6A/6B (86 strains), 14 (44 strains), 19F (25 strains), 9V (22 strains), and 15 (15 strains).
Resistance to penicillin. Except for members of the 2 penicillin-resistant international clones (107 strains), no other highly prevalent DR pneumococci showed high-level penicillin resistance. Most of these bacteria had MICs of penicillin near or below the susceptibility breakpoint: only a few (17 of 177) isolates among the 6 clonal types had penicillin MICs 0.25-0.5 mg/mL. Pneumococci belonging to a single lineage, which expressed serotype 23F and clonal type FF, were susceptible to all antimicrobial agents except for low-level resistance penicillin (MIC range, 0.1-0.25 mg/mL).
Resistance to macrolides and tetracycline. Of interest, a large proportion of pneumococci in the 6 lineages were resistant to antimicrobials other than penicillin, most frequently to erythromycin (146 [82%] of 177 isolates), clindamycin (119 [67%] of 177), and tetracycline (103 [58%] of 177). Resistance to SMZ-TMP was also frequent among the isolates; resistance to chloramphenicol was only detected in a few strains belonging to clonal type M. No isolates showed resistance to ceftriaxone (Etest results not shown).
Molecular typing. Figure 1 shows the macrorestriction patterns of SmaI digests (A-C) and ApaI digests (D-F) of chromosomal DNA prepared from representatives of 5 of the 6 highly prevalent pneumococcal clones with the unusual drug resistance patterns. Isolates of the different clonal types were selected to include a variety of antibiotypes and isolation dates. Also included were strains of the same clonal type identified in countries other than Portugal (see also tables 2 and 3). Dendrograms 1 and 2 obtained from analysis of PFGE patterns generated after SmaI and ApaI restriction, respectively, are shown on the right side of figure 1. Clustering agreed with assignments done by visual inspection.
Southern blot hybridizations were carried out for representatives of each clone (as defined by PFGE type) with 5 DNA probes specific for the resistant determinants of erythromycin, clindamycin, chloramphenicol, and tetracycline and for the major pneumococcal autolysin ( sistance to erythromycin in 1 Alaska isolate (ALA13) of this clonal type gave positive hybridization with the mefE probe. Most isolates of clonal type R had only low-level resistance to erythromycin (hybridization with the mefE DNA probe). However, 2 isolates (DCC-Pn 134 and DCC-Pn 1698) showed highlevel resistance to erythromycin (hybridization with ermB), and 1 isolate (strain DCC-Pn 1698) was also resistant to tetracycline (hybridization with tetM). All isolates hybridized with the lytA DNA probe, producing at least 1 and often 2 or 3 hybridizing bands, representing the major pneumococcal autolysin and copies of prophages that were recently shown to be frequently carried by clinical pneumococcal isolates [22, 35] . The molecular and microbiologic properties of representatives of the 6 S. pneumoniae lineages with unusual drug resistance patterns are summarized in table 2.
International dissemination. The multiresistant pandemic 23F Spanish/USA clone and the penicillin-resistant serotype 9V/14 French/Spanish clone have been described in both pediatric and adult disease in countries on several continents in surveillance studies conducted for more than a decade. Less is known about the possible presence of the other 6 clones of DR pneumococci with unusual resistance patterns that were identified among the highly prevalent pneumococci in nasopharyngeal samples of Portuguese children. The data summarized in table 3 show that isolates with microbiologic and molecular features indistinguishable from those of 5 of the 6 Portuguese clones labeled clonal types M, E, R, DDD, and FF were also detected among pneumococcal isolates in several international surveillance studies.
Discussion
During the 3-year surveillance of Lisbon DCCs for S. pneumoniae colonization of the nasopharynx of healthy children, 1096 S. pneumoniae isolates were recovered. Of these, 503 were resistant to some antimicrobial agent [15] . By molecular typing of 413 of these pneumococci, 57 distinct PFGE types were assigned. While 49 of the 57 PFGE types were represented by a genetically diverse group of 129 isolates, the largest number (284) belonged to a relatively few (8) PFGE types (clones) that were repeatedly isolated during each year of the 3-year surveillance. These were found in the nasopharynx of children who attended several DCCs. Furthermore, 7 of these 8 clones (259 [51%] of the 503 DR pneumococci) were also detected in international samples. Two of these 7 lineages were identified as the multiresistant Spanish/USA clone and the penicillin-resistant French/Spanish clone; both are found extensively worldwide. The remaining 5 clones (M, E, FF, R, DDD), which were frequently encountered in the Portuguese DCCs, were also identified among epidemiologically unrelated strains from geographically distant sources, including Latin American countries (Argentina, Brazil, and Colombia), the United States (Alaska and other states), Iceland, Sweden, Bulgaria, and Israel. To date, the last of the 8 clones (clone H) has been detected only among the Portuguese isolates. Clonal type M was first identified and described as the "Mediterranean clone" in Greece, Italy, and Israel [33, 34] . Representatives from these countries are usually susceptible to penicillin and resistant to erythromycin, clindamycin, tetracycline, chloramphenicol, and SMZ-TMP. Our study shows that this clone is also disseminated in Portugal. It was present in Iceland in the early 1990s and may have first emerged in Alaska, since the Alaskan strains we used for comparison were recovered as early as the 1980s and had closely related PFGE patterns [30] . Isolates of serotype 6B from Alaska, which belong to a single clone [30, 36, 37] , had a variety of antibiotypes, including some with a pattern similar to the Portuguese isolates of clonal type M. Figure 1 (A and D) shows that the Mediterranean and Alaskan clones are genetically related and are also disseminated in Portugal and Iceland. The clustering analysis obtained by the dendrograms corroborates these data and places the Alaskan isolates slightly apart, reflecting changes that may have occurred over several years in epidemiologically distinct settings geographically far apart. We propose to rename this clone the "Alaskan/Mediterranean clone," because the first isolates were recovered in Alaska but are now globally spread. In Iceland, 3 isolates recovered in 1993 and 1994 belonged to this PFGE type (table 2, table 3 ) [28] .
Clonal type E of serotype 6B was also detected among hospitalized children in Bulgaria during a surveillance study (1992) (1993) (1994) (1995) [8] . Clonal type FF, characterized by serotype 23F and by low-level resistance to penicillin and susceptibility to all other antimicrobial agents, was also detected in Brazil, Colombia, and Iceland. In these countries, isolates had additional resistance to SMZ-TMP. In the Brazilian collection, 3 of the 91 invasive isolates recovered from children between 1993 and 1996 belonged to this clonal type [31] and were recovered from children hospitalized in 3 cities. Fifteen Icelandic isolates recovered between 1989 and 1996 were of this lineage [29] , as were 41% of the 69 penicillin-insensitive invasive isolates recovered during a surveillance study in 5 cities among young Colombian children during 1994-1996 [32] .
Clonal type R (capsular type 14) isolates with different antibiotypes from those of the Portuguese isolates were also detected in the United States as etiologic agents of respiratory disease in adult patients and were named "cluster 22" [2] . An Argentinean isolate with characteristics similar to the Portuguese isolates was also identified (A. Corso and A. Tomasz, unpublished data) (table 3) .
Clonal type DDD was repeatedly isolated in Sweden between 1992 and 1995 (S. E. Vilhelmsson, unpublished data). Of interest, dendrogram 1 of figure 1 generated by analysis of PFGE types of SmaI digests clustered these isolates together with isolates of PFGE type M, although visual inspection of figure 1A and figure 1C indicates that most probably these were distinct lineages. ApaI digestion yielded distinct patterns for these 2 clones, confirming that they are different clones ( figure 1D, 1F , and dendrogram 2).
The mechanism of dissemination and the successful establishment of these clones as nasopharyngeal colonizers remain to be studied. Clearly, the mobility of human populations between countries and continents ensures opportunities for transfer, and resistance to commonly used antimicrobial agents other than b-lactam antibiotics may facilitate their spread in countries with high consumption of these agents. Of interest, most of these clones belong to the pediatric serotypes and were isolated both from healthy carriers and from patients in whom they caused invasive disease. This emphasizes the importance of children in the epidemiology of DR pneumococci.
Our study results document that, in addition to the highly penicillin-resistant S. pneumoniae that are globally spread, several other DR clones susceptible or intermediately resistant to penicillin but resistant primarily to erythromycin are also in circulation worldwide. Increasing prevalence of such strains among colonizing isolates recovered in the late 1990s may reflect greater use of macrolide antibiotics, possibly as a way to circumvent potential therapeutic problems with penicillin-resistant S. pneumoniae. The surprisingly high frequency of these internationally disseminated clones among isolates colonizing healthy persons is consistent with the notion that the nasopharyngeal flora of preschool children may be a global reservoir of worldwide prevalent DR S. pneumoniae strains.
